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Enhancement  of  cell  attachment  to 
a  substrate  coated  with  oral  bacterial 
endotoxin  by  plasma  fibronectin 


M.  I’l'KX A/MK.  M  E.  ('l)HIN.  S.  W.  Bockowski.  E.  I  Ml  I  I  I  I  K  II  AM)  M.  R .  WlK  I  f fl  in.  Jr. 


Naval  Dental  Research  Institute.  Great  l  akes.  Illinois. 

Naval  Health  Research  Center.  San  Diego.  California  and 
Headquarters.  Treasure  Island.  Naval  Regional  Dental  Center.  San  Francisco. 
California.  U  S  A. 


Normal  human  fibroblasts  were  inhibited  from  attaching  to  a  culture  surface  that  was 
coated  with  endotoxic  lipopolysaccharide  (l.PSi  isolated  from  oral  strains  of  Haclcroitlcs 
or  f-uuihactcrinin.  The  I. PS  from  F  ttsohactcriwn  inhibited  cell  attachment  to  a  greater 
degree  (p  <0.001)  than  that  of  the  I  PS  from  Hactcroidcs,  and  at  a  concentration  as  low 
as  12.5  ng  cm-’  (p  <  0.001).  When  1. PS-coated  culture  dishes  112.5  ng  cm-)  were  incubated 
with  concentrations  of  plasma  fibronectin  as  low  as  50  ug  ml  for  al  least  15  min.  the 
fibronectin  significantly  enhanced  cell  attachment,  returning  it  to  control  levels  ip  <  0.001), 
Futhermore.  when  plasma  fibronectin  <50  «g  ml)  was  computed  to  other  agents  such  us 
bile  acids,  citrated  serum,  and  human  plasma  fraction  IV,  (Cohn),  which  have  been  shown 
to  affect  the  toxicity  of  1  PS.  fibronectin  led  to  significantly  more  cell  attachment  in  the 
presence  of  l.PS  than  any  other  treatment  (p  <  0.001).  Evidence  is  presented  by  means  of 
transmission  electron  microscopy  ITEM)  that  UPS  may  bind  to  fibronectin.  Subsequently, 
the  cell  surface  interacts  with  the  fibronectin-I.PS  and  internalizes  it  via  phagocytosis. 
This  mechanism  provides  for  the  clearance  of  UPS  from  the  culture  surface. 

(Accepted  /or  publication  Xovember  2.  I9HI ) 


Introduction 

Wound  healing  and  repair  of  periodontal  at¬ 
tachment  to  teeth  following  surgical  trauma 
is  predictable,  and  the  process  has  been  ex¬ 
tensively  reviewed  (Uistgarten  1976).  How¬ 
ever,  in  cases  where  the  natural  attachment 
has  been  destroyed  by  chronic  inflamma¬ 
tory  periodontal  disease,  new  attachment  to 
the  contaminated  root  surfaces  is  unpredict¬ 
able  (World  Workshop  in  Periodontics 
1966). 

A  preliminary  characterization  of  the 


material  eluted  from  the  roots  of  periodont- 
ully  diseased  teeth  indicated  the  presence  of 
bacterial  endotoxin  (Fine  et  al.  1980).  The 
endotoxin  was  shown  to  be  cementum- 
bound  in  otherwise  normally  appearing  ce- 
mentum  (Aleo  et  al.  1974).  The  diseased 
root  surfaces  were  shown  in  vitro  to  be  cy¬ 
totoxic  (Hatfield  &  Baumhammers  1971) 
and  permitted  little  or  no  attachment  of 
human  gingival  fibroblasts  (Aleo.  De  Renzis 
&  Farber  1975).  Clearly,  if  new  attachment 
of  periodontal  tissues  to  a  tooth  is  to  be 
made  possible,  therapeutic  measures  must 
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I irst  he  developed  to  remove,  alter,  or  other¬ 
wise  inactivate  the  toxic  principle  of  the 
bacterial  endotoxin.  Since  the  mechanical 
removal  of  eementum-hound  endotoxin 
would  require  extensive  root  planing  (Jones 
«S:  O  l  eary  1978.  Fine  et  al.  1980).  the 
search  for  other  therapeutic  measures  is 
warranted.  Biochemical  preparations  have 
been  tried  successfully  in  vino  (Wirthlin  & 
Hancock  1980).  More  recently,  in  a  pre¬ 
liminary  report.  Terranova  and  Martin 
(1981).  noted  a  possible  role  for  attachment 
proteins  in  new  periodontal  attachment. 
They  observed  that  fibroblasts  in  vitro  were 
stimulated  by  fibroneetin  to  attach  to  root 
surfaces  from  periodontally  involved  teeth. 

The  role  of  circulating  plasma  fibroneetin 
has  been  reviewed  in  relation  to  wound 
healing  (Kleinman.  Klebe  &  Martin  1981). 
Briefly,  plasma  fibroneetin  was  found  to 
mediate  cell  attachment  at  levels  of  1  -5 
ug'ml  and  was  found  to  be  highly  chemo- 
tactic  for  fibroblasts  (Gauss- Muller  et  al. 
1980).  Once  in  the  wound  area,  fibroneetin 
may  promote  cell-matrix  interactions  by 
stimulating  fibroblasts  to  produce  extracel¬ 
lular  matrices  (Foidart  et  al.  1980).  It  has 
also  been  shown  that  fibroneetin  mediates 
and  promotes  phagocytosis  of  fibronectin- 
reccptor  complexes  by  fibroblasts  (Grinncll 
1980)  and  by  macrophages  (Gudewiez  et  al. 
1980).  Fibroneetin  interacts  with  a  number 
of  macromoleeules  and  with  cell  surfaces 
(for  a  review  sec  Ruoslahti.  Kngvall  &  Hav- 
man  1981).  These  binding  site-ligand  inter¬ 
actions  are  complex  and  indicate  a  variety 
of  possible  functional  roles  in  vivo. 

In  this  report,  we  have  compared  in  vitro 
the  effectiveness  of  various  biological  prep¬ 
arations  which  may  affect  fibroblast  attach¬ 
ment  to  a  substrate  that  has  been  previously 
coated  with  endotoxin  isolated  either  from 
F  tisohaclerinin  nnclenlinn  or  Hnelerotdes 
melaninogenicus  ss.  intermedins.  These  bac¬ 
teria  were  selected  because  they  have  been 
shown  to  increase  in  number  relative  to  the 


population  of  bacteria  within  the  gingival 
crevice  with  advancing  gingival  inflamma¬ 
tion  (Van  Palenstein  Helderman  1975). 
They  are  gram  negative  anaerobes  that  have 
an  easily  identifiable  endotoxin  (I.PS)  in 
electron  microscopic  preparations  (Selvig. 
Holstad  &  Kristoffersen  1971). 


Material  and  Methods 


Cells  nnil  Culture  Conditions 
Detroit  550  cells  were  purchased  from  the 
American  Type  C  ulture  Collection  (ATCC 
CCL  109.  Rockville.  MD).  Detroit  550  was 
derived  from  normal  foreskin.  It  is  a  diploid 
human  fibroblast-like  cell  and  has  a  finite 
life  span  of  approximately  25  serial  sub¬ 
cultures.  Cultures  used  in  our  experiments 
were  from  the  first  through  (he  sixth  pas¬ 
sages  beyond  the  frozen  reference  stock, 
which  was  already  in  the  tenth  or  eleventh 
passage.  The  culture  medium  consisted  of 
the  following  components:  minimum  es¬ 
sential  medium  (MEM.  Eagle)  with  non-es¬ 
sential  amino  acids.  I  mM  1. -glutamine.  1 
mM  sodium  pyruvate.  0.1  C  lactalbumin  hy¬ 
drolysate.  in  Earle's  BSS.  (90C  ).  fetal  bovine 
serum  (IOC),  antibiotic-free.  Cell  suspen¬ 
sions  were  tested  for  mycoplasma  and  were 
determined  to  be  free  of  such  contamina¬ 
tion  (mycoplasma  isolation  kit.  Flow  I.abs. 
Rockville.  MD).  The  cells  were  maintained 
at  37  C  in  an  atmosphere  of  5'7  CO.,  - 
95';  air.  Cell  stocks  were  propagated  in  75 
cm!  (250  ml)  tissue  culture  flasks  (Lux 
Scientific  Corp..  Newbury  Park.  (  A).  Cells 
were  dissociated  from  the  flasks  with  trvp- 
sin-F.DTA  (GIBCO  Labs.  Grand  Island. 


NY). 

The  35  ■  10  mm.  2  mm  grid-type  tissue 
culture  dishes  (Lux  Scientific  Corp.)  were 
used  in  all  attachment  studies.  The  medium 
used  in  all  attachment  studies  consisted  ot 
MEM  supplemented  with  I  mM  L -gluta¬ 
mine  and  200  ug  of  bovine  serum  albumin 
(BSA)  per  ml  of  MEM  medium. 
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Ora!  Batleria  am!  Growth  Conditions 
Specimens  from  human  periodontal  pockets 
were  collected  with  an  oxygen- tree  gas- 
flushed  syringe  under  conditions  of  anaero- 
hiosis  and  placed  in  test  tubes  containing  I 
ml  of  sterile  reduced  broth.  Bacleroides 
nn'lani  noyc  nit  a v  xs.  intermedins  and  Fnso- 
hacterium  niteleatnm  were  isolated  from 
China  Blue  Reinforced  Clostridial  agar 
(Van  Palenstein  Helderman  &  Winkler 
1975).  Pure  cultures  were  maintained  in 
thioglycollate  medium  or  veal  infusion  broth 
in  an  anaerobic  chamber  at  .77  C'  contain¬ 
ing  IOC  H,.  IOC  CO,,  and  800  N,.  Each 
strain  of  bacteria  was  identified  by  means  of 
gas-liquid  chromatography  and  API  20-A 
test  strips  (Analytab  Products.  Plainview. 
NY)  in  accordance  with  Berger's  Manual 
of  Determinative  Bacteria  (Buchanan  & 
Gibbons  1974)  and  or  the  Virginia  Poly¬ 
technic  Institute's  Anaerobe  Laboratory 
Manual  (Holdeman  &  Moore  1 972 ).  Batch 
cultures  of  organisms  were  prepared  by  ino¬ 
culation  of  1,500  ml  of  Lombard-Dowell 
broth  in  a  cotton-stoppered  Ehrlenmeyer 
flask.  The  cultures  were  incubated  anaero¬ 
bically  for  three  to  five  days  in  an  anaerobic 
chamber  (Coy  Laboratory  Products.  Box 
1 108.  Ann  Arbor.  Michigan  48106)  and  the 
bacteria  harvested  by  centrifugation.  Pellets 
of  centrifuged  bacteria  were  resuspended  in 
distilled  water  and  re-centrifuged  three 
times  to  icmove  remaining  broth  medium. 

Isolation  and  Assay  of  Lndotoxic 
l.i/topoly saccharide  t  LPS) 

Hndotoxic  lipopolvsaccharidc  (IPS)  was 
prepared  from  oral  strains  of  B.  melanino- 
yenietts  and  b.  iiin  leatnm  using  the  phenol- 
water  procedure  (Westphal.  I.iideritz  &  Bis¬ 
ter  195’)  as  followed  by  Hofstad  (1968).  for 
Bactemiihs  and  by  kristoffersen  and  Hof¬ 
stad  1970.  for  Fnsohacterinm.  The  amount 
of  l.PS  isolated  was  determined  using  the 
l.imulus  Amebocyte  l  ysate  Pyrostal  Test 
Pack  (Worthington  Biochemical  C'orp.. 


Freehold.  NJ).  Pyrostal  is  a  turhidimetric 
test,  and  pyrogen  concentrations  were  quan¬ 
titated  spectrophotometrically.  Endotoxin 
concentrations  as  low  as  0.0625  ng  ml  were 
detected  reliably. 

Preparation  of  LPS  Substratum  and  I  PS 
" Inactivation  Formulae" 

LPS  suspensions  either  from  B.  melanino- 
Henicns  or  from  F.  niteleatnm  were  added 
to  each  culture  dish  at  O.OI25-I25  ng  cm2 
and  allowed  to  air  dry  at  38-40  C  for  24 
h.  When  rchvdrated  with  the  defined  medi¬ 
um  for  the  attachment  studies  the  LPS  re¬ 
mained  affixed  to  the  culture  dish  surface. 

Human  plasma  fibroneelin  was  purchased 
from  Biomedical  Technologies  Incorporated 
(formerly  KOR  Biochemicals.  Cambridge. 
MAI.  The  fibronectin  was  reconstituted  with 
10  ml  of  sterile,  pyrogen-free  water  to  give 
a  concentration  of  100  ng  ml.  The  fibro¬ 
nectin  solutions  were  sterilized  by  mem¬ 
brane  filtration.  This  protein  solution  was 
added  to  each  tissue  culture  dish  at  5-100 
ug  ml  and  incubated  for  5-60  min  at  37  C". 
The  culture  dishes  were  subsequently  rinsed 
with  pyrogen-free  water. 

One  nrmolar  solutions  of  the  bile  acids 
taurocholic.  glycocholic.  and  deoxycholic 
were  prepared.  I. PS-coated  plates  were  in¬ 
cubated  with  each  of  these  solutions  for 
five  min.  rinsed  with  pyrogen-free  water, 
and  then  treated  w  ith  either  citrated  serum 
(Skarnes  &  Chedid  1964).  0.150  human 
plasma  traction  IV,  (Cohn)  (Rudbach  & 
Johnson  1961).  or  human  plasma  fibronec¬ 
tin.  Incubations  with  citrated  serum.  0.150 
human  plasma  fraction  IV,.  and  human 
plasma  fibronectin  were  30  min  at  37’C  un¬ 
less  c  .icrwise  indicated  in  the  figure  leg¬ 
ends  Following  the  incubations  me  culture 
dishes  were  rinsed  thoroughly  in  pyrogen- 
free  water. 

Cell  Attachment  Conditions 

Confluent  cultures  of  Detroit  550  human 
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fibroblasts  were  dissociated  from  the  75  cm- 
culture  flask  using  tr\ psin-EDTA.  The  dis¬ 
sociated  cells  were  centriluged  and  resus¬ 
pended  at  1.4  2.5  •  Id4  cells  ml  in  a  sterile 
mixing  flask  containing  the  attachment 
medium  (MEM  supplemented  with  L-gluta- 
mine  and  200  ug'Tnl  BSA).  Cell  counts  were 
taken  with  a  hemocytometcr  before  and 
after  cell  plating  to  monitor  the  homo¬ 
geneity  of  the  dissociated  cell  population. 
One  ml  volumes  were  removed  from  the 
mixing  flask  with  an  Eppendorf  pipettor 
using  sterile  tips  and  transferred  to  the 
35  ■  10  mm.  grid  type  culture  dishes.  These 
cells  were  incubated  for  00  min  under  stan¬ 
dard  conditions.  Unattached  cells  were  re¬ 
moved.  and  the  culture  dishes  were  fixed 
for  light  and  electron  microscopy.  Exact 
cell  counts  were  done  on  three  4  mm-  areas 
for  each  of  four  culture  dishes  per  treat¬ 
ment  group.  Cells  were  visualized  by  phase 
contrast  optics  using  the  Zeiss  Invortoscope 
D  (Carl  Zeiss.  Inc..  New  York.  NY) 
equipped  with  a  photographic  camera  sys¬ 
tem. 

Irtinsmission  Electron  Microscopy  (TEM) 
Samples  for  TEM  were  fixed  for  1  h  at 
22  C  with  Karnovsky's  fixative  (Karnovsky 
1965).  Cultures  were  washed  three  times  in 
sodium  eacodylate  containing  0.5  mg  CaCT. 
ml  of  buffer.  pH  7.4  and  stored  in  buf¬ 
fer  overnight  at  4  C.  The  samples  were 
post  fixed  with  I. TV;  OsO^  in  0.067  M  col¬ 
lidine  buffer  at  4'C '  for  I  h  and  dehydrated 
through  a  graded  series  of  ethanol  at  22  'C. 
After  the  final  100r;  ethanol  change,  a  thin 
layer  of  Upon  embedment  was  added  just 
to  cover  the  culture  surface  and  left  un¬ 
covered  overnight.  Fresh  plastic  was  then 
applied  the  following  morning  and  in¬ 
cubated  for  three  days  at  60° C\  After  re¬ 
moving  the  specimens  from  the  oven  the 
Epott  embedments  were  peeled  away  from 
the  tissue  culture  dishes  (Porva/nik.  John¬ 
son  it  Sheridan  1976).  The  samples  were 


trimmed  and  mounted  on  plastic  cylinders 
(l.add  Research  Industries.  Inc..  Burlington. 
V  I  ).  Thin  sections.  60-90  nm.  were  cut  with 
a  diamond  knife  on  an  EkB  Ultratome  III 
vertical  and  parallel  to  the  plane  of  the  cul¬ 
ture  surface,  post-stained  with  urain I  ace¬ 
tate  and  lead  citrate  and  examined  with  an 
RCA  EMU  III  transmission  electron  micro¬ 
scope  at  50  KV. 

Xataticc  Shiinmc  <’!  1.1*1 S 
Isolated.  Iree/e-dried  EPS  from  either  /  . 
mu  Icatnm  or  II.  mclaninovcnit  its  was  sus¬ 
pended  in  I'i  phosphotungstic  acid  at  pH 
7.1  to  give  a  concentration  of  1  ug  ml. 
A  drop  of  this  suspension  was  placed  on  a 
formvar  carbon-coated  grid  and  allowed  to 
remain  for  several  minutes.  The  excess  was 
removed  slowly  with  a  piece  of  filter  paper 
and  allowed  to  air  dry.  The  grids  were 
examined  using  the  TEM. 

Statistical  /  reatment  of  the  Pant 
Analyses  of  cell  attachment  counts  were 
conducted  with  the  aid  of  Hewlett-Packard 
HP  9N45S  desk  top  computer  and  either  HP 
(part  a  09845-1 5031)  or  in-house  statistieal 
software.  The  HP  software  was  used  for 
data  manipulation,  and  for  one-w  ay  analyses 
of  variance  (ANOVA)  and  least  significant 
difference  tests  U  SD.  kirk  1968).  Dunnett  s 
test  for  comparing  all  means  with  a  control 
(Winer  1962)  used  the  mean  square  (MS) 
error  computed  in  the  one-way  ANOVAs. 
A  two-way  factorial  ANOVA  was  computed 
with  an  in-house  program  based  upon  for¬ 
mulations  by  Bruning  and  kintz  (1977). 

Results 

Growth  Characteristics  of  Detroit 
550  Human  Hhrohlaslx 

The  growth  data  following  cell  passage- 
showed  an  initial  lag  with  recovery  and  a 
period  of  linear  growth  three  to  eight  days 
alter  plating  until  confluence  (Fig.  I).  At 
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Fig.  1.  Typical  growth  pattern  ot  Detroit  550  human 
fibroblasts  This  type  of  curve  is  characteristic  for 
normal  contact-inhibited  cells.  The  equation  which 
describes  the  growth  data  is  the  following  y  -  6  08 
1  36x  *  0  45x!  0  03x1 

coni' luency  mitotic  figures  were  inlrequently 
observed.  A  third  order  polynomial  function 
was  filled  lo  Ibe  growth  data  and  the  linear, 
quadratic  and  cubic  trends  were  found 
significant  tdf  ICS:  Fs  s()5.s7.  20.-5. 
and  20.49  respectively)  as  well  as  the  over¬ 
all  regression  t  R  -  0.9V  <J|  3  2S:  F- 

1 15.441.  Thus,  these  cells  behaved  in  culture 
like  normal  contact-inhibited  cells  and  re¬ 
mained  in  stationary  phase  at  confluence. 


Fig.  2.  Transmission  electron  micrograph  (TEM)  of  a 
negatively  stained  isolate  of  IPS  derived  from  I 
nf mu  The  predominant  forms  were  translucent 
disks  Most  were  single  (S)  or  concentric  (C)  disks 
Occasionally  short  segments  (arrow  head)  were  ob¬ 
served  x  65,200 

Fig.  3.  TEM  of  a  thin  section  (60  90  nm)  made  per¬ 
pendicular  to  the  plane  of  the  culture  substratum 
which  was  12  5  ng  cm*  LPS  derived  from  /•'. 

The  LPS  substratum  that  is  displayed  lay  above  the 
culture  dish  space  (DS).  Notice  the  disco«d  forms 
(arrow  head)  of  LPS  which  were  limited  by  unit 
membranes  x  66.200. 

Fig.  4.  TEM  of  a  thin  section  made  parallel  to  the 
plane  of  the  LPS  substratum  Notice  the  discoid  seg¬ 
ments  which  were  a  result  of  an  oblique  section 
through  the  LPS  particles.  The  LPS  forms  were 
limited  by  a  unit  membrane  and  were  viewed  as 
trilaminar  structures  (between  arrow  heads)  *  75.300 


* 

4 


4 
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Therefore,  the  cells  used  for  all  attachment 
studies  were  historically  from  confluent 
populations  that  were  not  actively  dividing. 
This  is  important  when  considering  cell  sur¬ 
face  phenomena,  since  cells  in  cycle  behave 
differently  and  mixed  effects  would  be  ob¬ 
served  in  attachment  studies. 

LI’S  Morphology  after  Isolation  anil  as  a 
Substrate  on  a  Culture  Surface 
Negatively  stained  l.PS  after  isolation  (Fig. 
2)  appeared  as  circular  disks  limited  by  a 
unit  or  trilaminar  membrane  or  as  short 
parallel  membranes  separated  by  a  less- 
dense  layer  (Figs.  3  &  4).  These  same  struc¬ 
tures  could  he  observed  in  thin  sections 
of  intact  colonies  of  II.  melanino, genii  its  or 
A.  nneleatinn.  When  isolated  IPS  was 
coated  on  a  culture  surface  (12.5  ng'env-i. 
thin  sections  made  vertical  to  the  plane  of 
culture  revealed  a  layer  0.15-0.25  um  (Fig. 
5).  The  same  circular  disks  and  parallel 
membranes  observed  in  intact  colonies  and 
in  negatively  stained  preparations  were  evi- 


Flg.  5.  Each  point  was  the  mean  cell  count  of  12 
determinations  (3  from  each  of  4  culture  dishes).  Each 
determination  was  an  exact  count  of  attached  cells 
in  a  4  mm2  area  on  the  tissue  culture  dish.  It. 
mvhminnitvnii n\  LPS-coated  culture  dishes.  .  /. 
mi.  hut n n,  LPS-coated  culture  dishes  1  1  D. 


Fibronectin  (Ltg/mlJ 
Endotoxin  (12  5  nq/cm*) 


Fig.  6.  Hfstogram  of  the  mean  cell  count  of  attached 
cells  t  S.E.M.  on  culture  dishes  coated  with  12  5  ng  cm2 
of  LPS  from  /'.  i>urli„t„ui.  LPS-coated  dishes  were 
pretreated  with  plasma  fibronectin  (5  100  »g  ml)  for 
30  min  at  37  C  prior  to  the  90  min  incubation  with 
1  88  x  10*  tibrooiasts  culture  dish 

dent.  Thin  sections  made  parallel  to  the  cul¬ 
ture  surface  (Fig.  4)  revealed  the  homo¬ 
geneity  of  the  l.PS  coating  within  a  given 
area  on  the  culture  surface.  Again,  the  re¬ 
hydrated  coaling  of  l.PS  was  morphologi¬ 
cally  similar  to  freshly  isolated  I  PS. 

Attachment  of  Human  Fibroblasts  to 
LPS-C'oateil  Culture  Surfaces 
The  relative  toxicity  of  isolated  LPS  from 
II.  meUtninogenictts  or  h  ttitclearum  that  in¬ 
hibited  fibroblast  attachment  to  a  culture 
surface  coated  with  the  specific  LPS  was 
compared  (Fig.  5).  Data  were  subjected  to 
a  two-way  between  subjects  ANOVA  with 
endotoxin  type  III.  melaninogenieus  vs.  f  . 
nucleatum)  and  concentration  (6  levels: 
0.0.0125.0.125.  1.25.  12.5.  and  125  ng.  cm- ) 
being  the  factors.  To  simplify  the  analysis  to 
that  of  a  complete  factorial  design,  the  12 
data  points  collected  with  zero  level  endo¬ 
toxin  were  incorporated  into  both  endo¬ 
toxin  conditions.  Both  toxin  type  (F  13.03. 
df  1/132.  p<0.001)  and  concentration  (F 
=  6.65.  df  =  5T32,  p<0.001)  were  signifi¬ 
cant.  but  the  interaction  was  not  (F  1.02). 
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Uinti  Dunne'S  method  for  comparing 
, roups  to  a  control,  concentration  levels  o 
MIPS  nu  cm-  and  above  were  computed 
o  the  w  level  within  each  endotoxin  type 
,t  „  oils  For  II.  mi-ltiiwioxeiiivn\  only  the 
125  „g  cm-  group  differed  front  the  con¬ 
trol  but  for  /••  mn-lftiwm  both  the  l-.s  ane 
,he  ps  na  cm-  groups  differed.  I  he  A. 
Wcrtmi  IPS  inhibited  fibroblast  cell  at¬ 
tachment  to  a  pretreated  substrate  surface 
at  a  concentration  one-tenth  that  of  the  11 

nMu^nkux  I.PS  <12.5  and  l25ngenr, 
respectively).  It  should  be  noted  that  m 
this  and  subsequent  analysis  each  of  the 
three  observations  within  a  single  culture 
dish  were  considered  independent.  In  order 
to  evaluate  this  assumption,  individual  onc- 
vsav  ANOVA's  were  undertaken  on  the  con¬ 
trol  group  and  each  of  the  ten  endofovm 
croups  with  •culture  dish  considers  * 
treatment  effect.  None  of  the  F  values  were 

siitnilicunl  at  n  <>.»5  '  h° 

F  value  was  1.1 1.  and  the  average  P 
value  was  0.52.  The  average  MS  between 
treatments  was  12014.  and  the  average  MS 
w  ithin  treatments  was  131.31.  I  bus.  there 
is  no  evidence  that  variability  within  culture 
jj she’s  was  less  than  variability  between  cul¬ 
ture  dishes,  and  the  assumption  that  each 
observation  was  independent  is  valid. 

Because  there  was  a  significant  dtUerencc 
in  cell  attachment  front  the  control  at  — 
na  cm-  for  i  ■  nm-ktuum  I. PS-coated  cul- 


Flo  7  Phase  contrast  light  micrograph  90  rmn  post- 

Ihe  process  ot  cell  spreading  -  7SU 

Flo  8  Phase  contrast  light  mrcrograph  »  M  p<«'- 

:;;n «  —  ""-rrsr* 

were  typically  round  end  not  well  spread.  750 

Fla  9  Phase  contrast  light  micrograph  90  min  post- 
fig.  s.  rw  substratum  (UPS.  12  5  ng  cm') 

rUT,?om  I  „rr  . .  that  was  treated  w,.h  50 

"  -r  00  mih  prror  to  cel, 

meubatron  Notrce  the  tally  spread  cells  (arrow 
_ _ tn  the  other  preparations  ™ 
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FIBRONECTIN  ENHANCES  CELL  ATTACHMENT 


lure  surfaces  and  not  lor  H  iiiclaninofteni- 
(«'.  that  concentration  and  source  of  I  PS 
was  used  on  all  subsequent  culture  surface 
coatings  as  a  minimum  inhibitory  concen¬ 
tration  of  endotoxin. 

Tiled  ol  T  ihroiieclin  Concentration 
mill  Time  of  Ineiihation  on  ITS-Coateil 
Culture  Pishes 

In  Fig.  Is  each  of  live  concentrations  of 
fibronectin  was  incubated  for  31)  min  on 
the  culture  dishes  previously  coated  with 
13.5  ng/cm-  of  I  PS  derived  from  h.  nticlea- 
iiiiii.  Cell  attachment  was  evaluated  on  the 
treated  culture  dishes  after  9<l  min  in  cul¬ 
ture. 

The  one-way  ANOVA  on  data  from  the 
control.  l.PS  only,  and  5  1  PS  plus  libro- 
nectin  concentration  groups  was  significant 
(F  8.52.  df  b.  77.  p<().()(> I ).  Comparisons 
by  Dunnctt'x  method  indicated  that  toxin 
groups  treated  with  50  to  too  ug  ml  of 
fibronectin  were  not  significantly  different 
from  untreated  controls  while  all  other  I  PS 
groups  showed  a  significant  decrease  in  cell 
attachment. 

The  morphology  of  attached  cells  on  the 
control  surface  (Fig.  7).  f.PS  (Fig.  8).  and 
I  PS  plus  fibronectin  treated  surfaces  (Fig. 
91  were  considerably  different  at  the  end 
of  the  90  min  attachment  period.  Although 
control  cells  appeared  to  be  spread  out  on 
the  culture  dish,  fibronectin  treated  surfaces 
enabled  the  fibroblasts  to  appear  to  be 
spread  even  further.  Within  these  cells,  mi¬ 
crofilaments  were  prominent  under  the  plas¬ 
ma  membrane.  See  Figs.  14.  lb.  and  17. 
Cells  attached  on  the  I. PS-coated  dishes 
were  generally  rounded  without  any  or  very 
little  spreading  of  the  cytoplasm  (Fig.  8). 

In  another  study  (Fig.  10).  the  concen¬ 
tration  of  fibronectin  (50  ug'ml)  remained 
constant  in  all  incubations  on  the  LPS- 
coated  culture  dishes.  The  time  of  incuba¬ 
tion  was  varied  from  five  min  to  one  h. 
Cell  attachment  returned  to  control  levels 


Ibl 


Tone  of  Incubation  (mmutesf 
wth  50 uq/mt  Fibronectin 


Fig.  10.  Histogram  of  mean  celt  count  of  attached 
cells  *  SE  M  on  culture  dishes  coated  with  12  5 
ng  cm;  of  LPS  from  /  </.,«.  LPS-coated  culture 

dishes  were  pretreated  with  50  -g  ml  plasma  fibro¬ 
nectin  for  5  60  min  at  37  C  prior  to  the  90  mm  m- 
cubabon  with  1  88  ■  IO  fibroblasts  culture  dish 

on  the  l. PS-coated  culture  dishes  when  they 
were  incubated  with  plasma  fibronectin  for 
at  least  15  min. 

The  one-way  ANOVA  on  data  from  the 
control.  I. PS  ( 12.5  ng  cm-  T.  iiiicleutimi) 
only  (these  two  cell  groups  were  part  of  the 
previous  study,  see  Fig.  h).  and  five  I  PS 
plus  fibronectin  incubation  time  groups  was 
significant  (F  8.3(1.  df  b  77.  p<().()(l||. 
Comparisons  by  Dunnelts  method  indicated 
that  l.PS  groups  treated  with  fibronectin  (50 
ug-ml)  for  15.  30.  or  b()  min  were  not  sig¬ 
nificantly  different  from  untreated  controls, 
w  hile  the  0.  5.  and  10  mitt  incubation  groups 
showed  significantly  reduced  numbers  of 
cells  attached  to  the  I  PS  substratum. 

l.l’S  anil  Drii.i;  Treatment  Interactions  which 
Ailed  Cell  Attachment 

The  data  from  comparative  drug  studies 
were  divided  into  single  drug  treatment  and 
dual  drug  treatment  groupings  and  were 
analyzed  separately.  A  two-way  ANOVA  on 
the  seven  control  and  single  drug  groups 
versus  presence  or  absence  of  endotoxin  re¬ 
vealed  a  main  effect  for  drug  treatment 
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Fig.  it.  Histogram  of  the  mean  cell  count  of  attached  cells  Culture  dishes  were  either  coated  or  uncoated 
with  12.5  ng  m2  of  LPS  from  /'.  r.m  t,  »/■,». .  LPS-coated  and  uncoated  dishes  were  treated  for  5  mm  each  with 
either  one  mmolar  sodium  deoxycholate  (NaD).  one  mmoiar  taurocholtc  acid  (T)  or  one  mmo'ar  glycochofic 
acid  (G)  prior  to  cell  incubation  One  mmolar  solutions  of  the  bile  acids  were  used  since  it  was  determined 
that  this  concentration  was  not  toxic  to  the  human  fibroblasts  Alternatively.  LPS-coated  or  uncoated  dishes 
were  treated  for  30  min  with  either  0  15J  o  human  plasma  traction  IVi  (Cohn,  (CFn).  human  otrated  serum  (CSi. 
or  50  H g  ml  human  plasma  fibronectin  (F i  The  percentage  of  CF  .  was  the  maximum  permissible  concentration 
that  could  be  filtered  through  a  0  22  <m  filter  without  occluding  the  pores  Additionally  LPS-coated  dishes 
were  pretreated  with  a  combination  ol  ode  acid  for  5  mm.  rinsed  in  pyrogen  free  water  incubated  for  30 
min  at  37  C  either  with  CF,\.  CS.  or  F  and  rinsed  agam  thoroughly  wth  pyrogen  free  water  prior  to  the  90 
min  incubation  with  1h  ■  10*  fibroblasts  culture  dish 


IF  IN.5S.  ill  (i  154.  p<(l.(llll)  and  endo¬ 
toxin  (F  17.51.  dt  I  154.  p<(U)01)  and 
a  significant  interaction  (1  2.NX.  df 

(>154.  p<0.()5).  Inspection  of  Fig.  II  sug¬ 
gests  that  this  interaction  stemmed  from  the 


fact  that  in  the  presence  of  lihroneetin  with 
endotoxin  there  appeared  to  he  enhanced 
cell  attachment.  Comparisons  by  Dunnett's 
method  were  lone  independently  for  non 
toxin  and  endotoxin  groups.  For  non-toxin 


Fig.  12.  High  magnification  TEM  of  the  presumptive  plasma  fibronectin  (PF)  arrays  that  were  observed  when 
PF  was  incubated  on  a  culture  substrate.  Notice  the  ring-hke  array  of  the  otherwise  amorphous  material  Sec¬ 
tioned  parallel  to  the  culture  surface  ■  91.CKX) 

Fig.  13.  TEM  of  a  presumptive  plasma  fibronectin  u-ray  iPF)  apparently  attached  to  LPS  particles  {Arrow  headsi 
Sectioned  parallel  to  the  culture  surface  ■  38  00 

Fig.  14.  TEM  of  a  presumptive  plasma  fibronectin  array  {PF  apparently  attached  to  the  plasma  membrane  ^f  a 
human  fibroblast  (F)  Notice  the  microfilaments  underlying  the  cell  surface  adjacent  to  the  fibronectin  attach¬ 
ment  (arrow  heads).  Sectioned  paradef  to  the  culture  surface  v  39  400 

Fig.  15.  TEM  showing  the  ring-like  arrays  of  the  presumptive  fibronectin  tPF(  within  the  cytoplasm  of  a  fibro¬ 
blast  Sectioned  parallel  fo  the  culture  surface  •  38  fOO 
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groups  only  fibronectin  enhanced  cell  at¬ 
tachment:  however,  in  the  endotoxin  groups 
only  sodium  deoxyeholatc  did  not  enhance 
cell  attachment.  Analysis  in  terms  of  the 
I  SI)  statistic  revealed  among  other  con¬ 
trasts  that  tihronectin  led  to  significantly 
heller  cell  attachment  than  any  other  treat¬ 
ment  in  the  presence  of  endotoxin  and  was 
matched  only  hy  laurocholic  acid  and  ci¬ 
liated  serum  in  its  absence.  The  superiority 
ol  tihronectin  is  supported  hy  the  second 
analysis  on  the  paired  drug  treatments.  A 
two-way  ANOVA  was  performed  where  the 
lirst  three-leveled  factor  was  determined  hy 
the  presence  of  sodium  deoxychotale.  tauro- 
cholic  acid,  or  glycoeholic  acid  and  the 
second  factor  by  the  presence  ol  human 
plasma  fraction  IV,  (C  ohn),  eitrated  serum, 
or  tihronectin.  Only  the  treatments  which 
included  incubation  with  bile  acid  followed 
hy  tihronectin  were  significant  (F  IS. SI. 
dl  2  99.  p>().()(ll).  and  inspection  of  the 
figure  again  indicates  the  comparative  po¬ 
tency  ol  this  drug.  The  interaction  was  also 
significant  If  2.59.  dl  4  99.  p<0.<)5)  and 
suggests  that  tihronectin  interacts  with  so¬ 
dium  deoxyeholatc.  laurocholic  acid,  and 
glycoeholic  acid  differently  than  human 
plasma  fraction  IV,  (C  ohm  and  eitrated 
serum 

i.lcclron  Microscopic  Identification  ol  1.1‘S 
mid  Pro e  /  reatinent  Interactions 

W  hen  examined  by  TP  VI.  tihronectin 
treated  culture  plates  showed  many  amor¬ 
phous  ring-like  arrays  in  the  plane  of  cell  cul¬ 
ture  (Fig.  12).  They  were  present  when  fi- 
hronectin  was  incubated  on  I. PS-coated  cul¬ 
ture  dishes  (f  ig.  15)  but  were  not  present 
either  on  control  or  on  I  PS-coated  culture 
dishes.  Fibroblasts  appeared  to  be  attached 
to  the  material  (Fig.  14).  I. PS-coated  cul¬ 
ture  dishes  that  were  incubated  with  fibro- 
ncclin  showed  no  apparent  alteration  in  the 
morphology  of  the  I  PS. 


Kxamination  hy  TKM  of  eitrated  serum 
and  human  plasma  fraction  IV,  (Cohn) 
treated  culture  dishes  with  or  without  I  PS 
also  showed  these  amorphous  ringlike  ar¬ 
rays  but  were  infrequently  observed.  Fur¬ 
thermore.  examination  by  THM  ol  the  I  PS 
on  the  culture  plates  treated  with  bile  acids 
or  followed  by  eitrated  serum,  human  plas¬ 
ma  traction  IV,  (Cohn),  or  tihronectin 
showed  no  obvious  differences  in  the  mor¬ 
phology  of  (he  I  PS  compared  to  untreated 
I  PS  controls. 

The  presumptive  plasma  fibronectin  ob¬ 
served  by  THM  im  the  culture  surface  was 
also  observed  in  contact  with  apparent  I  PS 
particles  (see  Fig.  15).  The  presumptive  fi- 
broncciin  arrays  and  I  PS  particles  were  ob¬ 
served  within  phagocytic  vacuoles  inside  the 
human  fibroblasts  l Figs.  15  &  lb.  respec¬ 
tively).  Fragments  of  these  arrays  and  ap¬ 
parent  I  PS  particles  were  also  observed 
within  phagocytic  vacuoles  (Fig.  17).  al¬ 
though  not  as  clearly  as  the  extracellular 
view  presented  in  Fig.  15.  A  biological 
mechanism  for  the  clearance  of  I  PS  from 
the  culture  surface  was  depicted  by  these 
micrographs. 

Discussion 

Human  fibroblasts  were  inhibited  in  vitro 
from  attaching  to  culture  dishes  coated  with 
endotoxie  lipopolysaecharide  (I. PS)  derived 

A  .  niicleannn.  I  PS  from  the  latter  strain 
was  significantly  more  effective  in  prevent¬ 
ing  cell  attachment  when  compared  to  I  PS 
from  H.  niclani  noeennus  (p<().()() I ).  Based 
upon  inhibition  of  cell  attachment,  there  ap¬ 
peared  to  be  a  tenfold  difference  in  the 
biological  toxicity  of  the  endotoxin  types 
examined.  Fhe  level  of  toxicity  on  a  sub¬ 
strate  surface,  which  was  observed  to  be  in¬ 
hibitory.  was  at  least  12.5  ng  of  I.PS  cm2. 

One  of  us  (Mueller,  unpublished  results) 
has  independently  shown  that  compared  to 


Fig.  16.  TEM  showing  a  fibroblast  that  appeared  to  have  internalized  some  l_PS  particles  (arrow  head)  Sec¬ 
tioned  parallel  to  the  culture  surface  *  28.800 


Fig.  17.  TEM  of  a  large  phagocytic  vacuole  within  a  fibroblast  The  digestive  vacuole  contained  fragments  ol 
hbronectin  (PF)  and  IPS  particles  (arrow  heads)  that  appeared  to  be  attached  to  each  other  Sectioned  par¬ 
allel  to  the  culture  surface  -  26  200 


Ktu'ieritiiles.  I 'ttstihut  tcriitm  may  promote 
greater  bone  loss  in  rice  rats  that  have  been 
put  on  a  diet  high  in  sucrose  and  whose  den¬ 
tition  and  gingivae  were  swabbed  periodi¬ 
cally  with  the  individual  microbes.  This 
has  led  us  to  suggest  that  different  Gram 
negative  anaerobes  and  or  their  toxins  may 
have  more  detrimental  effects  in  (he  course 
of  periodontal  disease  and  may  affect  the 
success  of  new  attachment  therapy  in  viva. 

An  important  requirement  of  new  attach¬ 
ment  therapy  and  for  wound  healing  in  gen¬ 
eral  is  close  adaptation  of  the  gingival  tis¬ 
sues  to  the  tooth  at  the  completion  of  sur¬ 
gery  (Schluger.  Yuodelis  &  Page  1977).  It 
is  believed  that  intimate  contact  favors  a 
shorter  epithelial  attachment  (Morris  1 9b I) 


and  is  thought  to  result  in  early  formation 
of  an  epithelial  seal,  protecting  the  connec¬ 
tive  tissue  from  bacterial  irritants  which 
could  interfere  with  eementogenesis  (Ruben 
et  al.  1 9X0). 

Since  oral  bacterial  endotoxins  are  pre¬ 
sent  on  diseased  root  surfaces  and  in  dental 
plaque  matrix  (Selvig  et  al.  1971  i.  close 
adaptation  may  be  inhibited  thereby  pre¬ 
venting  new  connective  tissue  attachment 
(Aleo  et  al.  1975).  Methods  must  first  be 
developed  to  degrade,  alter,  or  modify  the 
endotoxic  I  PS  present  on  the  root  surfaces. 

The  physical  preparation  of  scaling  and 
vigorous  root  planing  reduces  the  endotoxin 
level  (Jones  &  O'Leary  I97K)  but  may  create 
a  problem  of  root  hypersensitivity  for  the 
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patient  (Wirthlin  &  Hancock  19X0).  Other 
methods  for  the  biochemical  detoxification 
of  endotoxin  contamination  have  involved 
a  biological  preparation  using  bile  salt 
IWirthlin  &  Hancock  19X0).  human  plasma 
fraction  IV,  (Cohn)  (Wirthlin  &  Hancock 
19X0).  citrated  serum  (Skarnes  Chedid 
1964).  or  fibronectin  I  l'erranova  &  Martin 
19X11.  These  preparations  apparently  af¬ 
fected  the  endotoxic  I. PS  in  some  fashion 
permitting  greater  cell  attachment  to  the 
treated  surface. 

We  have  examined  similar  preparations 
using  these  treatments  to  obviate  the  inhibi¬ 
tion  of  cell  attachment  that  we  observed  on 
endotoxic  I  PS  coated  culture  dishes.  Our 
results  revealed  that  fibronectin  led  to  sig¬ 
nificantly  better  cell  attachment  than  any 
other  treatment  in  the  presence  of  I  PS. 
TEM  did  not  reveal  any  direct  effect  of  the 
biochemical  treatment  on  the  morphology 
of  the  l.PS.  However,  subtle  chemical 
changes  in  I  PS  may  have  occurred  hut 
were  not  detected  using  TEM.  Alternatively, 
it  is  known  that  fibronectin  is  identical  to 
opsonic  cc.-glycoprotein  and  has  been  re¬ 
sponsible  for  enhancing  phagocytosis,  sug¬ 
gesting  that  plasma  fibronectin  may  serve 
as  a  non-specific  opsonin  (Blumensiock  et 
al.  I97X).  If  indeed,  plasma  fibronectin  is 
an  opsonin.  I  PS  may  bind  to  the  fibronectin 
and  be  presented  to  the  fibroblasts  through 
binding  sites  for  cell  surfaces  (Ruoslahti  et 
al.  I VXI).  Once  this  interaction  occurs, 
coated  l.PS  may  be  internali/ed  and  di¬ 
gested  within  the  cell's  lysosomal  system. 
Wc  have  shown  by  TEM  evidence  which 
supports  this  hypothesis. 

This  method  could  facilitate  the  elimina¬ 
tion  of  such  obviously  harmful  particles 
from  the  root  surface  making  it  a  more  at¬ 
tractive  site  for  tissue  healing  by  connec¬ 
tive  tissue  new  attachment.  However,  the 
application  times  used  in  these  experiments 
may  be  too  long  to  be  clinically  useful  dur¬ 
ing  surgical  flap  procedures.  Wirthlin  and 


Hancock  (I9.SD  found  that  rubbing  each 
axial  root  surface  of  periodontally  involved 
teeth  from  monkeys  with  NaO  for  one  min. 
then  each  with  (T'n  for  one  min.  was  a 
\ery  long  time  altogether,  l  onger  times 
would  likely  increase  trauma  to  the  soft 
tissue  flaps  and  bone.  When  using  fibro¬ 
nectin  as  has  been  done  in  this  report,  it 
would  not  be  necessary  to  rub  Ihe  root  sur¬ 
face  but  only  bathe  it.  However,  these 
methods  would  be  more  suitable  where  ex¬ 
tracted  teeth  may  be  prepared  in  vitro  be¬ 
fore  replantation.  Eibronoetin  may  also  he 
used  lor  preparing  non-tooth,  allopastic  im¬ 
plant  materials.  Concentrations  and  applica¬ 
tion  methods  must  be  developed  with  the 
idea  of  using  them  in  surgical  procedures. 
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